Background
End-stage renal disease (ESRD) imposes a severe stress on patients [1] [2] [3] . Severe diet restriction, extensive drug regimen, and very strict schedule of dialysis are among most significant stressors. Renal replacement therapy (RRT) can be performed in 2 main ways: hemodialysis or continuous ambulatory peritoneal dialysis [4] . Hemodialysis (HD) relies on a patient visiting a specialized center to use an "artificial kidney" 3 times per week for 4-6 hours. During HD, the patient rests while the automated process removes products of metabolism from the blood using a large-bore needle placed in a surgically created arterio-venous fistula. Alternatively, continuous ambulatory peritoneal dialysis (CAPD) can be implemented. CAPD relies on daily fluid dialysis exchanges in the patient's abdomen via a pre-implanted catheter. Follow-up treatment is done at home by the patient. Even a brief description of these two modalities of RRT suggests that different psychological challenges and outcomes are encountered by patients.
Researchers studying interactions between disease-mediated stress and coping process struggle to identify which coping strategies are most adaptive [3] . Traditionally, strategies oriented at instrumental coping with disease-related stress are perceived most favorably from adaptation to the therapy [5] [6] [7] . Conversely, emotional-oriented strategies are considered inferior [5, 8, 9] . Denial is perceived as the least adaptive strategy to cope with illness-related stress. However, emotion-oriented strategies can be important since anxiety, depression, and hostility significantly affect patients' self-perceptions, adherence to treatment, and health-related quality of life [10, 11] . Avoidance and denial are focused on dealing with negative emotions [12] [13] [14] . Some suggest that utilization of emotionbased techniques is inferior because they focus on emotion, not the process of therapy. However, no clear connection between emotional-oriented strategies and somatic outcome has been identified. It is likely that situational context may be responsible for variable outcomes. Emotion-oriented strategies are beneficial in situations where a high intensity of negative emotions is present for short periods of time. Reduction in anxiety, depression, and sense of alienation related to being sick support patient adherence to treatment. Denial-related distortion in perception of health-related issues can affect optimal functioning in RRT [6, 9, 10] . A very good understanding of their health condition and compliance to a strict medical regiment is paramount for their survival. This is a different context compared to psoriasis, lupus, coronary artery disease, or spinal cord injury [8, 11, 15, 16] . In the case of chronic disease, optimal coping should deal with the emotional aftermath of the illness, allowing patients to fully adhere to treatment. Nevertheless, the negative perception of medical professionals of emotion-oriented, avoidance, and denial-oriented strategies persevere.
Few studies related to denial mechanism in ESRD have been published. Jadoulle et al. showed that denial is related to improved emotional status in HD [17] . Concomitantly, patients with high activation of denial had decreased compliance with treatment. A similar observation was made by Kohli et al. [17, 18] . No study has been published comparing denial and other emotion-based strategies in coping with stress between the 2 different modalities of RRT to date.
The overarching aim of the present study was to determine whether emotion-centered strategies in dealing with chronic stress are truly detrimental to patient somatic and psychological well-being. Thus, we specifically explored the role of denial in patients with ESRD, treated with the 2 different modalities of RRT. Both therapies present very different challenges to the patients, necessitating different strategies. We hypothesized that HD will result in more frequent use of denial versus CAPD. Furthermore, we suggest that increased activity of denial and avoidance-oriented strategies should correlate with positive emotional outcome and negative outcome of dialysis compliance and performance, as suggested by prior reports.
Material and Methods
The present study was designed as a cross-sectional cohort study and is a part of the Psychological Assessment of Patients with ESRD program. Our institution's Ethics Committee approved the study.
The study population consisted of chronic, in-center hemodialyzed patients (HD; n=60), and patients treated with continuous ambulatory peritoneal dialysis (CAPD; n=55) in the Military Medical Institute. All patients were screened by an inhospital psychologist, independent from the primary investigator, to exclude subjects with cognitive impairment. To ensure that the patients were settled into the routine of RRT, the interviews were performed at least 3 months after the onset of RRT. Patients below the age of 21 years and with history of recent kidney transplantation were excluded from the study. The interviews with CAPD patients took place during routine hospitalization, whereas HD patients were examined while undergoing dialysis. After explaining the aim of the study, the examinee was asked to fill out a series of questionnaires according to the attached instructions. These instructions directed the examinee to keep in mind the ESRD context while answering the questionnaires. A psychologist supervised each subject throughout the study.
Sex, age, level of education, duration of the underlying disease leading to ESRD, and duration of RRT were collected. Serum potassium, urea, creatinine, phosphorus, and calcium were utilized as the measurements of adequacy of dialysis. Total albumin and hematocrit values assessed clinical well-being of the patients [19] . The total change in body weight over 1 week was used as a sensitive measurement of patient compliance with treatment [20] . All laboratory values were collected 1 week before the interview.
The process of coping was assessed with the Coping Inventory with Stressful Situation (CISS). The CISS describes the coping process in 3 dimensions of task-, emotion-, and avoidanceoriented coping [13, 14, 21, 22] . The intensity of denial defense mechanism as described by Spielberger was used in this study [23, 24] . Several instruments were used to evaluate psychological outcomes of coping with stress in different modalities of RRT. The State and Trait Anxiety Inventory (STAI) has a similar structure to the CISS, with the first part measuring baseline anxiety and the second part of the questionnaire was modified to assess ESRD-related anxiety [22, 25] . The baseline anxiety is a trait of one's personality [9, 12] . Mood, a pervasive emotional state, was evaluated by the Profile of Mood States (POMS) [12, 26, 27] , which is the World Health Organizationrecommended questionnaire for study of emotional outcomes of various medical therapies. It describes mood in 6 dimensions: Tension/Anxiety, Depression/Dejection, Anger/Hostility, Vigor/Activity, Fatigue/Inertia, and Confusion/Bewilderment [27] . To measure a layman perception of the health-related quality of life (HRQoL), the Nottingham Health Profile (NHP) was employed [6, 28] . NHP appraises 6 dimensions of HRQoL: energy, pain, sleep, emotional reactions, mobility limitations, and social isolation. The psychometric features of the employed psychological tests have been found to be satisfactory in prior investigations [7, 26, 29, 30] .
Statistical analysis was done in a step-wise approach. For categorical variables, the Pearson c 2 test was applied. The ShapiroWilk W test and distribution plots were used to test normality of distribution for intervals. Parametric variables are expressed as mean ±SD. These variables were compared using the t test or ANOVA with LSD post hoc tests. For non-parametric variables, median (Me) and interquartile ranges (IR) were shown. The Mann-Whitney U test was employed to compare such variables. 
Result Demographic variables
A total of 60 HD and 55 CAPD patients were enrolled in the study. There was no difference between HD ad CAPD groups in employment or gender (Table 1) . We recruited a total of 52 males and 63 females to the study. There was no difference in the sex distribution in the studied RRT groups. The CAPD subjects (49.6±13.56 y/o) tended to be slightly younger vs. HD patients (55.3±13.33 y/o). Most of our subjects in both RRT groups were employed (68% in the HD group vs. 76% in the CAPD group). No difference in duration of ESRD, duration of RRT, baseline laboratory values were seen between studied groups (Table1). The underlying etiology for ESRD was diabetes (46%), hypertension (22%), autoimmune, inherited renal diseases (12%), or others (20%).
Intensity of defense mechanisms
Following the main hypothesis, we studied the coping mechanisms involved in dealing with ESRD-related stress. HD patients had higher self-reported intensity of denial mechanism compared to the CAPD group (Figure 1 ). Avoidance-oriented strategies were also more pronounced in the HD group, whereas task-oriented strategies where more prevalent in CAPD subjects ( Figure 1 ). Of note, utilization of avoidance-oriented strategies was related to the level of education when univariate general linear model of ANOVA was analyzed (data not shown). Emotion-oriented strategies had similar intensity in both RRT groups. Again, there was significant interaction between modality and education. Subjects with elementary or higher education level had higher intensity of avoidance-oriented strategies in the hemodialyzed group. In contrast, CAPD subjects utilized avoidance-oriented strategy similarly, regardless of their education. Employment of avoidance-oriented strategies was generally less frequent in the CAPD group as compared to HD patients ( Figure 1 ).
Intensity of denial did not correlate with intensity of any other strategies to cope with disease when controlled for modality of RRT (data not shown). Interestingly, age correlated positively with higher intensity of denial mechanism (r=0.28;p=0.008). Also, length of RRT was weakly correlated (r=0.21;p<0.05) with intensity of avoidance strategies.
An individual usually engages in several strategies simultaneously in order to optimally cope with all aspects of stress. Thus, we conducted a cluster analysis in order to distinguish the potential patterns. Three clusters were separated ( Table 2) . Cluster 1 involved patients with employing predominantly denial as defense mechanism. They also had the highest intensity of avoidance-oriented strategies. Consequently, the individuals from this group were called "repressors". Cluster 2 consisted of subjects predominantly using task-oriented strategies. Cluster 3 encompassed a small group of patients who shared both higher intensity of denial-and task-oriented strategies.
Correlations of psychological outcomes with coping
In the next step, emotional profiles were analyzed ( Figure 2 ). HD patients were more anxious when referring to their medical condition, having less Vigor&Activity and more Fatigue&Inertia. There were significant correlations between emotion-oriented coping style and mood of Depression&Dejection (r=0.4) and Confusion&Bewilderment (r=0.3) in HD patients. In contrast, in CAPD patients the intensity of denial correlated with ESRD anxiety (r=-0.35), emotion-oriented coping style with the mood of Anger&Hositlity. No difference in mood profile and level of ESRD-related anxiety was seen between the 3 previously distinguished clusters of disease coping styles.
Health-related quality of life was significantly less favorable in HD vs. CAPD patients in the area of energy, pain, sleep disturbances, and social alienation ( Figure 3 ). Only emotional-oriented style of coping with ESRD-related stress correlated with emotional disturbances (r=0.34) in HD patients, whereas no correlations were seen between patients in the CAPD group. No difference was seen between clusters of coping styles in intensity of health-related problems.
Relationship between somatic measures and coping styles
In the last analysis we decided to test the hypothesis that different styles of coping are related to worse somatic outcome of treatment. There was a weak correlation between intensity of denial and serum creatinine levels in HD patients (r=0.25).
There was a significant correlation between ESRD anxiety and serum level of creatinine (r=0.33), urea (r=0.26), phosphorus (r=0.49), and interdialytic weight gain (r=0.41). There was no correlation between denial, styles of coping with ESRDrelated stress, and serum markers of adherence (potassium, urea, creatinine, or interdialytic weight gain). When patients were analyzed according to the cluster models, significantly higher levels of serum potassium were found in the repressor cluster vs. other clusters. Other measures of somatic well-being were not different between the studied groups ( Table 2 . Clusters of coping styles in studied population.
HD -hemodialysed patients; CAPD -continuos peritoneal dialysis; ESRD -end stage renal disease; RRT -renal replacement therapy. 
Discussion
In the present study we investigated the coping mechanisms of ESRD-related stress with a special emphasis on denial and emotional-related strategies in 2 different modalities of RRT. We found that in HD patients, denial and avoidance strategies are more pronounced than in CAPD patients. Moreover, CAPD patients self-reported employing task-oriented strategies more frequently.
We showed that patients can be clustered depending on the spectrum of coping strategies they use to deal with ESRD stress. Denial is a very important part of the coping process [3, 12, 23, 24, 31] . Relatively high use of the avoidance strategies in HD patients has been described before, but our study showed that patients use this strategy in conjunction with denial [17, 18] . HD patients may prefer to choose emotion-based strategies since they may be more suited for overall well-being [3, 4] . In contrast, the nature of CAPD treatment promotes problem-oriented coping strategies. The other explanation for more frequent use of denial and avoidance in the HD group is perception of the locus of control [3, 12, 17, 18] . It is likely that internal locus of control is related to more frequent use of emotional strategies vs. external locus of control, which may be related to problem solving. This is consistent with study by Kohli et al. showing that most HD patients had an internal source of control compared to healthy subjects [18] . No study involving CAPD patients is available.
Our study results need to be interpreted carefully because of inherited selection bias. CAPD patients are frequently selected before admission to the program based on their ability and willingness to perform in-home treatment. This may be a point at which only patients with certain psychological make-up are selected. The remaining patients are transferred into hemodialysis programs. This decision is made by the psychologist and medical team. Also, patients with maladaptive strategies have higher mortality because low compliance with CAPD results in complications like peritonitis [7, 17, 18, 24, 31] . These are sources of bias that are frequently overlooked and very difficult to control. The patients we studied were all well into their dialysis programs, yet we were able to discern patients who were "repressors".
Use of the coping strategies based on denial and avoidance is more prevalent in the HD patients with lower education. This is related to the fact that patients with higher education usually have a broader spectrum of coping strategies [9, 31] . Avoidance and denial are relatively primitive and immature mechanisms for ego defence in contrast to humor, focusing on the task, or positive reappraisal [15, 23] . Again, it is commonly believed that using these emotional strategies is detrimental to patient health [11, 15, 16] . This seemingly logical way of thinking stemmed from the perception that patients must comply with treatment. At the same time, this way of thinking neglects the fact that patients have to cope with the emotional burden of disease. If such a burden exceeds the capacity of the patient to cope, the anxiety overwhelms the patient and prohibits effective medical therapy [10, 17, 18] . Studies in other clinical situations show that denial is an effective and desirable way to go through life with disease. Rehabilitation of male cardiac patients is related to high employment of denial as compared to female cardiac patients [32] . Despite higher incidence of denial, the outcomes were better in males than in females. This finding is attributed to the fact that cultural norms force both genders to fulfil certain roles while sick. Using denial is an optimal way to cope with stress related to disease, rehabilitation, and cultural expectations. Similar finding were seen in spouses of patient with myocardial infarction [33] . However, this is not a uniform finding, as shown in a meta-analysis [34] . Oncology patients frequently use denial. Again, the perception is that it is detrimental to individual health, yet not all data support this idea [35, 36] . Our study shows that health-related quality of life, emotional status, and somatic measures of well-being were not dramatically different between studied groups. The lack 
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of differences in outcome is in contrast to sharp differences in use of denial. One of the purposes of our study was to challenge the existing idea that denial is a negative and undesirable coping mechanism. One has to realize that the denial mechanism can also be detrimental to individual well-being. Schizophrenic patients have a variety of issues, but denial is an important mechanism in preventing them from adequately assessing their level of perception [37, 38] . Also, in some other clinical scenarios, use of avoidance and denial has undesirable effect on patient outcomes.
Use of certain coping strategies was linked to a specific emotional profile, but our study does not allow concluding whether employment of certain coping strategies is a result or a product of the coping process. Coping strategies are preferential ways of dealing with stress in general by the individual. These coping strategies are chosen to best suit the patient's personality and psychosomatic background in which the patient is immersed [31] . The ultimate outcome is reduction in anxiety and satisfactory heath-related measures; all our patients achieved that, regardless the type of RTT. This suggests that patients reach an equilibrium or optimal point while negotiating several aspects of their illness. This "equilibrium point" is perhaps best for the patient but it may seem suboptimal to the medical staff, leading to the conclusion that denial is maladaptive [38] [39] [40] . There is also an interesting notion that denial is an "organic" process related to the processing of information and emotion by the left hemisphere of the brain [41] .
This would shed new light on the origin of the denial process as a feature of the individual. Therefore, medical therapy should tailored accordingly.
Conclusions
In context of our study, denial and avoidance mechanism are not seen as maladaptive. The purpose of RRT is extension of patient life and to provide maximal health-related quality of life. Denial and avoidance strategies are beneficial for some individuals, especially if they are unable to employ more mature coping strategies. This strategy is especially beneficial if the patient is unable to control the situation or if the patient perceives an external locus of control. This conclusion is corroborated by an observation of Kohli et al. [18] . Others have observed this phenomenon in other patient populations, including heart attack, oncology, and psychiatric disorders [33- 35, 40] . The ability of the individual to cope with the whole spectrum of illness (somatic, psychological, and social) should determine the optimal ways to cope with disease. If denial is the optimal way to achieve this, it should not be stigmatized as a suboptimal way to cope with illness.
